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In gpite of the usaze of the fresh waker planarians for a nuuber of
intevesting experiments on the wechanisms of morphogenesis {(cf. ﬂhiid, 1941),
regenevatlon {cf. reviews by Brénsted, 1955, and Wolff, 1962) and leavning
{cf. ve iews by Joacobson, 1963; HeConnell, 1964), the basie anatomicsl,
physiolngical, snd biechemical information Lias bean insufficient fov elaboration
of thess mechanisms., Recently we have made some progress in this direction
{Bask, Rosanvold, Souders, and Wade, 1964; Movita and Best, 1965, 1566, éeﬁﬁ
end Elshtaln, 1966; Best, Elshtaln, and Wilson, 1967; Morita, 1965; Best, 1967).
In view of the damomstrated rols of ribonucleis geid {BNA) in the informaticn
transcription from DNA end translation in protein synthesis, it fght be
gnticipated that the axi%i gradient in worphogenetic §atea§ial which has been
demonstrated in planarians, as well as the celiular differentiaéign ﬁhangaa
which mﬂﬂﬁhaﬁCGmyaﬁ? regeneration, would find expression in differences of
tke RUA which must contyoel theae processes, In keeping with such concepts,
Clement (1947) and Lindh (1953) reported alterations in the amount and base
composition of RNA 4in vegensvating planarians. ¥enderson and Eakin (1961) found
irreversible alterations of their differentiated tissuss to be produced by
purine analogs,. Ceruiﬁg and Jobn (31961} found thot ribonuclease treatnment of
planariang ragenerating a new head gbolished the effects of previous conditioning
iﬁ the regererate worm. '

The studies to be deseribed ip this péyer addressed themselves to
the question of whether there is, in fact, any difference in the base
composition of the REA fyom head and tail regions and whethey these undergo

any alteration during vegeneration of the worm,
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¥ETEORS

The planerians used iu these experiments were Dupesia dorotccoshala

approzimately 15 mm, long thot had bean maintsined in colonies of gpproxinmately
500 in white enamel dishpans in the davk, or din illusination, ot & tém@ﬁz&tnre
of 76% lg ¥. Prior to theiy use a2 e%p&riméntai 5ubja§ta they wers fod twice
veekly on vaw beef liver. Pollowing cach feeding gil food particulaites werve
remgved and the water completely charged, The water im which the planacians
were maintained was tepped from the upper rogions of & levge equarium tank with
o substantial growth of grecn algse on its walls and & laver of ézushad Limpe
stone through which the water of the tank cizséz&teé, This water, hﬁﬁz@f@%ﬁh
referred to as "ewater”, ylelded the analysis given in Table 1 and had beom
found to maintaln cgienias of these planarians in @ state eé good health and
growth for periods of g yeer ov wove, The enalysis given inm Tabdle 1 éravided
no information veogarding t?axe elements and it is not known wﬁich of these

gre present or essential,

;?ablé i |

The worms to bz used as experimental subjects were fasted for
5 to 7 days prior to the begiuning of the experiment, 100 worms w@ée used Eox
each experivental repliecation, 50 of thess were scetioned by a transverse cut
. a8t the widpharyngesl level and place in the Hewater, 30 uscut worms of the
same size were slso placed in the Mewater at the sams time.

At the end of 24 hours the regenerating pleces, as well as the uncut
wornd, ware rinseé in fresh Mewater and the uncut worms sectioned by a trenge
verse midpharynzeal cut, ALl four groups of pleces (aormal»agteriar, norngle
posterior, vegeneratingeanterior, end regencrating, posterier) wore transferred

to pleces of pavafilm for determination of the wet welght of tlasus,
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For extraction éﬁ-tha RNA a modification of the procedure of Rirby
(1962) was employed. A 0.5% solution of noptholene disulfonate (NDS) in
distilled water was adjusted to pi 7 by addition of 0,.01N NallH. A phenol
-solution (P) was prepaved by addition of 10 wil. of distilled wster and 0.1 gram
of 8hydroxyquinoline to 90 grés of distilled liquid phensl., Each group of
worm pleces were homogenized in avgiass tissue grinder with 2 ml. of solution P
and 4 ml, of WDB solution. The homogenstes were transferred to 15 mi. Covex
centrifuge tubes and centrifuged at 15,0003 for 10 minutes, This procedure
produces & seperation of the phonol and aguoous phsgses into two distinet layers.
The uppsy aqueous phase wes pipetted off and reextracted with 2 ml. of solution
P, This process was repented until the interfacial reglon betwsen the two
phases was clear. Following the fiual venoval of the aqueous layer, 2 volumes
of cold 95% ethanol weve added to this agueous aaluticg and the resultant éo&ution
ellowed to stand overnight at 0% G. Following this overnight precipitation the
mixture was centrifuged for 10 minutes at 15,000z and the alecohol = ¥NDS
aupernatant.selutien decanted from the pellet of precipitated RNA. This RNA
pellet was washed several times with larze volumes of cold 707 ethanol,
resuspended in 70% ethanol, and vesedimented iﬁta 8 pellet by centvifugation,
The R¥4 pellet was then dissolved in 0.2 é&. of 0.3N KCH and allowed to
hydrolyze overnight at 37° ¢. Slighrly over Q.inml. of 28% perchloric acid was
added to this hydrolysaéa to yield a pH of approximately 2 or 3. This mizture
was then centrifuged at 15,0003 for 10 minutes to sediment the preeipitate of
potassium parchlﬁrateland any DNA which may have been present in the orlginal eutract.

The nuclestides in this supernatant solution were tken resolved by a
modification of the thin layer electrophoresis method of DePilippes (1964), To
do this gn gliquot of the supernatant sglution was measured out with 2 microliter

syringe and spotted onte & thin layer strip {Brinkman MYV polygram, Cel 300/0V)
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& cm, f£rom one end. This thin layer styip utilizes a cellulose medium which
is supported on 8 plastic backing and contains a fluorescent indicator. The
strips ware then sproyed with a8 citric acid « godium citrate buffex (éﬂ 3.3},
put into an electrophoresis tray (Celmen wodel 51170) with more of the same
‘buffer, and subjected to voltage gradients of 20 volts/em, for &4 » 5 ﬁours.
The positions of the spots corvesponding to the 4 nucleotides were located gnd
marked on the dried strip by examination under an ultraoviclet light scurce.
These oceceur in the following order from tho cathode: eytidylic aseid; sdenylic
acid, guanylic scid, and uridylic ecid.

The cellulose of each of these reglons corresponding to the nucleotide
gpots was then quantitatively scgaped off the plastic backing and placed in
e centrifuge tube with Z‘mi. of 0.2¥ BC1 for 24 - 48 hours, to elute the
nucleotides., A blank control thin layer strip vas treated in the same oy
{including subjectiﬁn'to electrophoresis) as thoss contgining the nuclectides
gnd corresponding regions scraped off and eluted in the same manner. The
smount of nucleotide was determined by uweasuring the U, V. absorbancy at 260
millimicrons in a ¥. V. spectrophotometer and using the specific molar absorbancy
valuez for each nucleotide from the literature,

This complete experiment was replicated, as déscribed, three times.
An 2ddlrional replication was conducted on regenerating worms with nonregenerating
control groups as well a3 regenerating ones. - Thus 350 planarians were used in
these experiments deseribed gbove.

For éetermiﬁatioa of the relative anmounts of ribosomsl and transfer
PA's, the RMA which had been grecipitated ard washed with cold 70% ethanol
was redissolved in 0.05 M sodium phosphate buffer (pH 6.7). This was eluted
through a G=-100 Sephadex colum equipped with a flow through cell and B, V.
moniter. The column was previcusly equilibrated with the pH 6.7 buffer. The
¥, V. monitor was used to determine which tubes of the fraction colleétor

contained the nucleic acid fractions, The gmount of nucleic acid in each of
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these fractions wes detormived by reading the oprical densities of the relevant

solutions in o ¥, V. spoctzophotonster {(Balssd.
BESBLTS
Table I shows the mole percent of sach of the four muclectides come

prising the B4 of ths head and tail veglons of normal and regerevating plenariens

of the species, ¥, dorotocashala, %he standsed errors ef these estimatss ave
also shovn. It i3 evident from & comparison of the columme of Yable 1T that
there 18 no significant difference in the base couposition of the E&%ﬁ‘_a
exkracted from the head and tsil zegions of novtmal, 1. e. bovegenevating,
plangriong, It 12 also clese from puch fnspection that there -de no significant
diffovence betweon the basa compositlon of the B¥A's from the novmal and
yegenerating planarimms.

Pizuve 3 ghows tha opticel densitics st 260 ailiimicrons of i:fiz.a
various fractions for elution of 8 sonpla of the plenarisns BHA tiﬁreug’i; a
Sephadent G-100 columm., The lsrge initial posk 48 8 higher molecular weight REA
that is probaebly mostly wibosomal BRA whils é&z’a emaliey secend pesh is 2 Lower
molecular woight ENA that is probebly mostly tyansfer F¥A. The ewount of ribosomal
f3A (area undey the lzrge poak) comprisas 207 of the total. The trensfer RUA

{acea under the emalilew second pook) is only 15.5% of the total RYA.

Table 2

Figure 1

DISCUSSION
Tha overall base composition of tho BHA does pot change betwsen

‘gotezior and posterior reglons nor between rezopersting end nowvensnerating

plangrizns of the specied, Dusesis dorotoconhals, employed in these expeviments,
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This result is contrary to that veported by Lindh (1957) as well as to the
expactations ocutlived in tha»intzadm;tion of the pyésaﬂt parer. An expleanation
for this negative resule is evident from the Sephadex column resolution of the
ribosomal and transfer EJA®s, A change in the base composition would be
-anticipated in the messenger RYA but pot in the viboscmal BENA. If a drastic
change in amino acid composition of the proteins being syanthesized were to
occur one might obtain g different distribution of the transfer RA ond obtain
a different resultant base composition of the transfer RHA fractionm, However,
these would probably rot produce much chanpe in the overasll base vagtios., In
other organisms, e, g. bactevia, approximately 80 to 857 of the total RYA is
ribssemal. about 10 to 15% is transfer, and only about 3 to 5% is messenger.
The‘zelgtive sizes of the two major RNA peaks obtaimed in our Sephadex colum
resolution indicated that the ratio of transfevr to ribosomal RNA Lo this
spéciea of planarian is sbout the éama 23 that feund in the bacterial systems.
It would, therefore, not be unreasonable to expect that messenger RUA
in these pl%narians would comprise gbout the same proportion of the total RNA
g3 it does in bacteria. If this i3 the case, then even large changes in the
base campssitiéﬁ of the messenger RWA would be obsa#red by the relatively
large amount of ribosomal REA in which the base ratios remain constant. !ﬁ view
of these considerations the differences in base composition reported by Linéh

(1957) for the total Rﬁg are somewhgt surprising and need to be confirmed.

SIMMARY
BNA was extracted from anterior aud posterior pleces of both novmal

and regenerating planaxiana (D, dorotocephala) by the phenol extracticn procedure.

This RVA was precipitated and washed with ethanol, hydrolyzed with KOH, and the
hydrolysate fractionated into constituent nucleotides by thin lgyer electro-
phoresis. The resolved spots corresponding to each of the 4 nucleotides weye

eluted into solution. Amounts of each nucleotide were assayed froa their U. V.
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absorption. An unhydrolyzed sample of RUNA vhich had been extracted from

Twgesis dorotacephala by this phenol procedare,and purified in the same way,

vas resolved into its transfer and ribosomal fractions by elution tlrough &
Sephadex =100 colum,

Mo change was observed in the §vaxazl nucleotide composition of the
- BHA between aaterisy and poaterior pieces or between regenerating and normal
planarisns. This nagative vesult, which is eontrary to the eariier vesults
reported by Lindh (1957) on other species of planarians, can be accounted for
by the preponderance of ribosomal RNA which wmaintains constancy of base

composition.



TABLE 1

Rasults of Analysis of ¥ Water

Charscteristic

Amount in ppm

Total Alkalinity 16
Total solida 64
Organic watter 6
Calcium 32
Magneaiun 1
Iron 0.01
pH 7.1




TARLE 2

Mole Percent Nucleotide Cowposition of the KUA in the Anterior aund Posterior

Regions of Regenerating Dugesia dorotocephala

Hormal Nermél Regenerating Regenerating

Anterior Posterior Anterior Posterior
Cytidylic A. 17.4%.8 18.0t.8 17.74.7 18.4%.7
Adenylic A. 27.75.7 26,0, 7 27.3%.6 26.70.6
Guanylic A. 32.071,5 31.3%1.5 30.201.4 30,851.4

Bridylic A. 23.5%.8 24.4%,9 24,77 TR




Fipure Lenands

FPigure 1: Resolution of the ribesomal and tvansfer components of

planavian RHA by elution through a Sephadex G=100 columm,
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